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@ A high temperature, short time heating method and 
apparatus for the pasteurization and/or sterilization of heat- 
sensitive biological fluids, which method comprises: adding a 
dielectric enhancing additive to the biological fluid- subjecting 
the biological fluid to microwave energy to heat 'rapidly the 
biological fluid for a short time period to a pasteurizing or 
sterilization temperature; cooling the biological fluid; optionally 

^St^Sl^ enhancin9 additiV8; reoovering 9n 
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HIGH TEMPERATURE, SHORT TIME HEATING METHOD AND APPARATUS FOR STERILIZING 
HEAT-SENSITIVE BIOLOGICAL FLUIDS 

This Invention relates to a method of and apparatus for heat sterilizing heat-sensitive biological fluids. 

5 BACKGROUND OF THE INVENTION 

It Is often desirable, particularly in the food industry, to preserve heat-sensitive foods, such as milk or goods 

with delicate flavour components, by heating such heat-sensitive foods to high temperatures for very short 

periods of time, as In pasteurization and sterilization of food products. However, many such systems are 
10 available only for relatively large-scale food productions, and do not permit small-scale laboratory productions 

or experiments with valuable, low volume material, such as heat-sensitive biological fluids or suspension, used 

in the laboratory. 

Further, it is often desirable to sterilize biological fluids or suspension, such as plasma or protein containing 
fluids, to destroy selected pathogenic organisms, such as Infectious agents like a virus or other agent 

15 compound substantially of protein and nucleic acids without destroying or substantially altering other 
microorganisms or precipitating or destroying other proteinaceous matter material. For example, it is desirable 
to destroy selectively virus and virus-type agents from blood plasma without clotting, clouding, aggregating, 
coagulating, precipitating or biologically altering the plasma In the process. 
Therefore, it is desirable to provide for a continuous, fast, heat processing apparatus and a method for the 

20 high temperature, short time heating to provide sterilization or pasteurization of heat-sensitive biological fluids 
and suspensions including body fluids, particularly for use wtth low volume biological fluids and for small-scale 
laboratory use. 

SUMMARY OF THE INVENTION 
25 The invention relates to a heat processing apparatus and system and to a method for the high temperature, 
short time pasteurization for destruction of viruses and/or sterilization of heat-sensitive biological fluids. In 
particular, the invention concerns a microwave-based heat processing system and a method for the high 
temperature, short time heating of biological fluids employing microwave energy with high dielectric biological 
fluids. 

30 The present Invention permits the continuous, rapid heating of biological fluids so as to effect sterilization or 
pasteurization without destroying or substantially altering biological activity, and Is particularly useful for, but 
not limited to, small-scale laboratory production or experiments with valuable, low volume biological fluids or 
materials and the selective destruction of infectious agents, like viruses and virus-type agents, from body 
fluids, such as blood plasma. 

35 The present invention is a method for the high temperature short time sterilization of a heat-sensitive 
biological fluid, which method comprises adding a dielectric enhancing additive to the heat-sensitive biological 
fluid In an amount sufficient to increase the dielectric constant and to decrease the heating time of the 
heat-sensitive biological fluid when subjected to microwave energy, heating the heat-senslttve biological fluid 
containing the dielectric enhancing additive by subjecting the fluid to a source of microwave heating energy in 

40 an amount sufficient to heat rapidly the biological fluid to a preselected temperature for a short time period and 
to a temperature sufficient to sterilize the biological fluid, the time and temperature being insufficient to alter or 
destroy substantially the biological activity of the fluid, cooling the heat sterilized biological fluid, and 
recovering the heat sterilized biological fluid. For higher flow rates, microwave ovens or sources with higher 
power inputs are used. 

45 In one embodiment, since the heating time in a microwave source depends on the dielectric constant of the 
biological fluid, a dielectric constant enhancing additive is typically employed and added to the heat-sensitive 
biological fluid to adjust the dielectric constant to provide the short heat time period. The additive is of a type 
and added in an amount sufficient to provide for enhanced dielectric constant of the fluid, so that the biological 
fluid may be rapidly heated by the microwave energy in the short time period. The dielectric constant additive 

50 should not affect the desired essential nature or quality of the biological fluid to which It Is added. i.e. should be 
biologically inert. The additive may comprise a high dielectric salt or salt solution, and typically an inorganic 
metal salt, such as an alkali or alkaline earth salt, wtth sodium chloride, one preferred additive for blood plasma. 
Typically the additive is added to the biological fluids in an aqueous solution. Where the biological fluid already 
has a high dielectric constant, e.g. over 100, then depending on the heating time period desired, an additive 

55 need not be employed. 

The biological fluids to which the dielectric constant enhancing additive is added is circulated by pumping, 
typically through plastic or glass tubing extending through the microwave oven, so that the fluid may be rapidly 
heated to the selected sterilization or pasteurization temperature. The heated biological fluid with the additive 
is then cooled, and optionally the dielectric additive is then removed and an aseptic biological fluid recovered. 

60 The method may be used to sterilize a wide variety of microbiological fluids and suspensions, such as 
microbiological media, tissue culture media, suspensions that cannot be sterilized employing ultrafiltration, 
vaccines, mother's milk. etc. It may also be used to pasteurize or sterilize blood plasma (whole plasma or 
serum) and blood plasma products containing factors VIII and IX, and to destroy selectively agents like viruses, 
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such as hepatitis, AIDS and the like. The apparatus is designed to accommodate flow rates generally from 
■bout 3.0 liters per hour with a hold-up volume of about 0.4 liters or less. 

The apparatus employs a microwave oven and the necessary instrumentation to maintain sufficient back up 
pressure to permit a temperature in the oven, e.g. of 143" C, that is, selected sterilization or pasteurization 
temperature or such other predetermined temperature. Residence times at the sterilization temperature of 0.5 5 
seconds or less at 143° C are typically sufficient to achieve sterility as defined by the 12 log cycle reductions of 
a heat resistant microorganism, such as CI botulinum. 

Since the heating-up time of the fluid in the microwave oven depends on the dielectric constant of the fluid 
being heated, the dielectric constant enhancing additive is added In various amounts as required, such as 
sodium chloride or other inert pharmaceutlcally inactive salt or salt solutions, more typically as a saline 10 
solution. While the amount of the dielectric constant enhancing additive may vary depending on the dielectric 
constant of the original biological fluid, generally from about 0.1 to 10 percent or more by weight of the fluid of a 
salt may be added, more typically 0.5 to 5.0, and even more particularly 0.5 to about 4.0 percent is often 
sufficient to enable rapid sterilization in a home or residential-type microwave oven. Excessive quantities of the 
dielectric constant enhancing additive should be avoided, since optionally the additive should be removed 15 
from the sterilized biological fluid. The biological fluid with the additive may vary in dielectric constant 
depending on the desired temperature to be reached, but generally the biological fluid with the additive should 
have a dielectric constant of at least that of water, such as from about 100 to 300. such as about 90 to 200. 

The size of the tubing in the microwave heater, usually in coiled or serpentine form, employed must hold up 
sufficient volume within the microwave chamber so that sufficient microwave energy will be absorbed to 20 
prevent burning out of the magnetron tubes In the microwave oven. A higher dielectric constant biological fluid 
will of course require a smaller hold-up volume than a lower dielectric constant material. Therefore, where 
adjustment of a dielectric constant cannot be entirely made employing a dielectric constant enhancing 
additive, varying tubing size for circulating the biological fluids through the microwave oven should be used to 
accommodate different ranges of dielectric constant fluids. 25 

The biological fluid to which the dielectric constant enhancing additive has been added is generally 
circulated through tubing in the microwave heater by a pump, and a divert valve is employed between the 
microwave heater and the subsequent cooling mechanism, so that any biological fluid which does not reach 
the necessary selected sterilization temperature may be diverted. Generally such biological fluid is not 
recycled, but discarded, since high temperature heating of the biological fluid may alter the fluid. However, so 
where such alteration does not affect the biological fluid, any biological fluid diverted by the divert valve and 
which is not adversely affected by reheating may be recycled as a biological fluid source for reheating in the 
microwave oven. 

Also, a back pressure valve is typically employed after the cooler to prevent flashing of the fluid or 
vaporization of the heated biological fluid. Also, generally where the dielectric constant enhancing agent is 35 
added, it is desirable to remove such enhancing agent from the sterilized biological fluid under aseptic 
conditions, such as by the employment of ultrafiltration, dialysis or chromatography columns or other salt 
separation techniques. Thus, the dielectric constant enhancing agent, where applicable, should also be 
selected for easy or effective removal or separation from the sterilized biological fluid prior to recovery of the 
biological fluid in an aseptic receiver. Optionally, certain products, such as blood clotting factors, may be 40 
removed from blood plasma after the short time heating process and the removal of the dielectric enhancer, 
e.g. salt, may be unnecessary. - 

The heat processing apparatus of the invention comprises a high temperature, short time heat process 
apparatus for the heat sterilization of heat-sensitive biological fluids, which apparatus comprises a source of a 
heat-sensitive biological fluid to be sterilized, a source of a dielectric enhancing additive for addition in an 45 
amount to the source of the said heat-sensitive biological fluid to decrease the microwave heating time of the 
biological fluid, a microwave heating energy means to heat the fluid which contains the enhancing additive to a 
preselected sterilizing temperature in about one second or less, means to cool the heated sterilized biological 
fluid, and means to recover the heat sterilized biological fluid. 

Embodiments of the present invention will now be described, by way of example, with reference to the 50 
accompanying drawing, the single figure of which is a schematic, Illustrative drawing of a heat processing 
apparatus employing the method of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

The drawing shows a heat processing system 10 comprising a container 12 containing a heat-sensitive 55 
biological fluid 14 and a source of a dielectric additive 1 6, such as a sodium chloride solution, which is added to 
the heat-sensitive biological fluid 14. The biological fluid 14 with the dielectric additive is then introduced 
through line 18 through pump 20 and line 22 into a microwave heater 24 wherein a defined volume of the 
biological fluid is present in the coiled plastic tubing 26 and subject to microwave energy wherein the biological 
fluid now at a high dielectric constant is heated to 143"C for about one second or less, e.g. 0.1 to 0.5 seconds. 60 
The heat sterilized biological fluid is then withdrawn through line 28 through a divert three-way (off-on-divert) 
valve 30. If the biological fluid does not reach the heat sterilizing temperature (or in pasteurizing, the 
pasteurization temperature), the biological fluid is diverted through line 32 and discarded. The heat sterilized 
material is then introduced through line 34 into a coiled plastic tubing 38 in a cooler 36 where it is cooled to 
room temperature, for example 40° C or below and then Introduced through line 40 through a back pressure 65 
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valve 42 which prevents the vapourizatidn of the heated fluid. The heated fluid may then be introduced through 
line 44 into a separator 46, such as a dialysis unit or chromatography column, ultrafiltration or other separation 
means, and all or some of the added dielectric additive Is then removed through line 50 and the sterilized 
biological fluid Is removed through line 48 into an aseptic receiver 52 for laboratory, experimental or other use. 



temperature of about 27° C and a resulting cooled temperature of about 4°C employing the apparatus as 
described in the drawing with the test results as set forth In the accompanying table. 
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As illustrated, the saline solutions of 0.9 and 1.5 percent in contrast to the lower dielectric constant saline 
solution of 0.5 percent provide for a very rapid increase in temperature in less than 6 seconds to the 65 
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sterilization time and temperature of 143° C and for a holding time of one-half of a second, all with substantially 
the same flow rates. The use of a 4 percent saline solution provides for a more rapid temperature rise and short 
time. 0.15 seconds, at a sterilization temperature of 143-144°C. 

Example 2 

A heat-sensitive biological fluid comprising blood plasma to which had been added 4 weight percent sodium 
chloride was processed In the apparatus of the drawing but without the removal of the salt, with the results 
shown in Table II. 
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pathogenic viruses, such as hepatitis B or AIDS, may be pasteurized with the destruction of the viruses by the 
rapid high temperature microwave heating method, As illustrated, the pasteurization holding time with the 
addition of the dielectric additive is very short, 0.05 to .07 seconds, to provide heating without affecting clotting 
factors unless the heating time is more than 1.9 seconds with a holding time of 0.07 seconds. 



Blood plasma has been processed in the prior art at temperatures of 59 0 Cfor a time period of 12 hours in an 
attempt to destroy viruses and yet to preserve the blood clotting factors of the blood plasma, e.g. factors VIII 
and IX; however, the hepatitis B virus and other agents can survive this process. Further, the process Is time 

10 consuming. It has been found possible to achieve high temperatures, e.g. 75° C or more, for short time 
periods, e.g. for 0.5 seconds or less, such as 0.05 seconds, employing microwave energy and still preserve the 
blood clotting factors in the blood plasma while destroying by the short heating time infectious agents, such as 
viruses. By achieving temperatures and times in the range of 75° C for 0.05 seconds, it is possible to preserve 
factors vlll and IX in blood plasma with 4 percent salt in the plasma and to destroy viruses In the plasma. 

15 In determining the amount of dielectric additive necessary to be added, a measure of the dielectric constant 
may be obtained by passing the liquid at a rate of 8.35 liters/hour through 28 feet of 1/16" I.D tubing spaced 
throughout the volume of the microwave heater and allowing the system to come to a steady state. The liquid 
residence time In the microwave is 7.04 seconds. 
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b V!* t6St u data in Tab!e "'• the increase in temperature rise is associated with an increase in 
dielectric constant (water having a dielectric constant of about 69, and 4 percent salt solutions about 126). 
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Claims 

5 

I . A method for the high temperature short time sterilization of a heat-sensltlve biological fluid, which 
method comprises adding a dielectric enhancing additive to the heat-sensitive biological fluid In an 
amount sufficient to increase the dielectric constant and to decrease the heating time of the 
heat-sensitive biological fluid when subjected to microwave energy, heating the heat-sensitive biological 

10 fluid containing the dielectric enhancing additive by subjecting the fluid to a source of microwave heating 
energy in an amount sufficient to heat rapidly the biological fluid to a preselected temperature for a short 
time period and to a temperature sufficient to sterilize the biological fluid, the time and temperature being 
insufficient to alter or destroy substantially the biological activity of the fluid, cooling the heat sterilized 
biological fluid, and recovering the heat sterilized biological fluid. 

15 2. A method as claimed in claim 1, characterized in that the method includes separating all or 

substantially all of the dielectric enhancing additive from the heat sterilized biological fluid. 

3. A method as claimed in claim 1, characterized in that the biological fluid containing the enhancing 
additive has from about 0.1 to 20 percent of a metal salt therein. 

4. A method as claimed in claim 1 , characterized in that the fluid is heated to a selected pasteurization 
20 or sterilization temperature for one second or less. 

5. A method as claimed in claim 1 , characterized in that the biological fluid comprises blood plasma or 
serum. 

6. A method as claimed in claim 5, characterized in that the blood plasma or serum contains up to 
about 4 percent by weight of sodium chloride and is heated to a temperature sufficient to destroy viruses 

25 contained therein without destroying the clotting factors of the plasma or serum. 

7. A method as claimed in claim 1 , characterized in that the body fluid comprises blood plasma or serum 
and blood clotting factors VIII and IX. 

8. A method as claimed in claim 7, characterized in that it Includes subjecting the body fluid to a 
temperature of about 75°C or more for a period of time of less than 0.5 seconds. 

30 9. A method as claimed in any preceding claim, characterized in that the body fluid has a dielectric 

constant of about 90 or more. 
10. A sterilized biological fluid produced by the process of any preceding claim. 

II. A sterilized blood plasma or serum produced by the method of claim 5. 

12. A high temperature, short time heat process apparatus for the heat sterilization of heat-sensitive 
35 biological fluids, which apparatus comprises a source of a heat-sensitive biological fluid to be sterilized, a 

source of a dielectric enhancing additive for addition In an amount to the source of the said heat-sensitive 
biological fluid to decrease the microwave heating time of the biological fluid, a microwave heating energy 
means to heat the fluid which contains the enhancing additive to a preselected sterlizing temperature in 
about one second or less, means to cool the heated sterilized biological fluid, and means to recover the 
40 heat sterilized biological fluid. 

13. Apparatus as claimed in claim 12, characterized in that it includes a means to separate from the heat 
sterilized cooled biological fluid the dielectric enhancing additive under aseptic conditions, and to recover 
a heat sterilized biological fluid substantially free of said enhancing additive. 

14. Apparatus as claimed in claim 12, characterized by a diverting valve mean9 to provide for the 
45 diversion of biological fluid passing through the source of microwave energy which fluid has not reached a 

preselected heat sterilization temperature. 

1 5. Apparatus as claimed in claim 12, characterized in that the source of the dielectric enhancing additive 
comprises a saline solution having about 0.1 to 10 percent by weight salt content. 
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